Background and Purpose-Few studies have examined predictors of cognitive impairment after minor ischemic stroke and transient ischemic attack (TIA). We examined clinical and imaging features associated with worse cognitive performance at 90 days. Methods-TIA or patients with minor stroke underwent neuropsychological testing 90 days post event. Z scores were calculated for cognitive tests, and then grouped into domains of executive function (EF), psychomotor processing speed (PS), and memory. White matter hyperintensity and diffusion-weighted imaging volumes were measured on baseline magnetic resonance imaging. Ninety-day outcomes included modified Rankin Scale (mRS) and Centre for Epidemiological Studies Depression Scale (CES-D) score. Results-Ninety-two patients were included, 76% male, 54% TIA, and mean age 65. 
C ognitive impairment after stroke is associated with depression and worse quality of life, 1 and previous stroke is associated with future risk of dementia. 2, 3 Poststroke cognitive decline has been linked to advanced age, premorbid dementia, atrial fibrillation, white matter disease, hippocampal volume, and evidence of lacunar infarcts. 4 Obstructive sleep apnea (OSA) is common in patients with stroke, 5 and is a potential novel risk factor for stroke, but its relation to cognitive dysfunction poststroke has been less well studied. 6 The majority of studies have included stroke patients with varying severity who have not undergone comprehensive neuropsychological or imaging evaluation. Few studies have examined cognitive dysfunction after minor stroke or transient ischemic attack (TIA); however, mild cognitive impairment is not uncommon with 42% of patients meeting criteria for mild cognitive impairment at >1 year after their event with deficits mainly in executive function (EF) and processing speed (PS). 7, 8 TIA is considered a reversible disorder, but persistent cognitive deficits have been found in 30% of patients at 3 months post event. 9 The goal of this study was (1) to examine cognitive performance in patients with minor stroke and TIA at 90 days and (2) to determine if vascular risk factors (common and
Methods
Extended Computed Tomography and Magnetic Resonance Imaging in the Triage of TIA and Minor Cerebrovascular Events to Identify High-Risk Patients (CATCH), a prospective observational substudy of CATCH 10 ran from May 2009 until December 2012. Patients were approached to participate in the 3-year longitudinal study examining cognition, baseline risk factors, and imaging characteristics in predicting recurrent stroke and disability. The study was approved by the University of Calgary Research Ethics Review Board and patients gave written informed consent before study participation.
Consecutive patients were recruited from the Foothills Medical Center and eligibility criteria have been previously reported. 10 Patients had an initial computed tomography and computed tomographic angiography of head and neck vessels within 24 hours and a 3T brain magnetic resonance imaging within 48 hours of symptom onset. Patients were eligible if they were >18 years of age, had a high-risk TIA (speech disturbance or focal motor weakness ≥5 minutes lasting <24 hours) or minor ischemic stroke (National Institute of Health Stroke Scale [NIHSS]<4). Patients were excluded if they received thrombolysis, had a premorbid modified Rankin scale (mRS) score of ≥2, serious comorbid illness with life expectancy estimated at <3 months, had baseline dementia, could not complete neuropsychological testing (English was not their first language, aphasia), or were unable to complete OSA testing. Figure Test Immediate and delayed recall), and visuospatial construction (Rey Copy).
Neuropsychological Testing
11 Z scores were calculated for each cognitive test using published norms correcting for age and sex for CVLT, age and education for Trails B and COWAT, and age for digit symbol coding. Domain-specific composite z-score variables were created: (1) EF (average of Trails B and COWAT FAS), (2) psychomotor processing speed, PS (average of Trails B and Digit Symbol Coding), and (3) verbal memory-Memory: CVLT List A Delayed Free Recall. Performance on composite measures for each patient was then dichotomized based on a cutoff of ≥1 SD below normal to identify a group of patients who would potentially have mild cognitive impairment. 12 Given that our patients were high functioning at baseline, a less stringent cutoff than the standard 1.5 SD below normal cutoff for mild cognitive impairment 8 on neuropsychological testing was used to minimize ceiling effects. Patients were screened for depression using the Center for Epidemiologic Studies Depression Scale (CES-D) 13 with a score of ≥16 indicated symptoms of depression.
Neuroimaging
Magnetic resonance imaging including T2 fluid-attenuated inversion recovery (FLAIR) and diffusion-weighted imaging (DWI) sequences was performed on a 3T GE scanner. A stroke neurologist and neuroradiologist reviewed all images. Acute infarct location was recorded as follows: (1) cortical (2) deep (basal ganglia, internal capsule, thalamus, and deep white matter tracts) (3) cortical and deep, and (4) infratentorial. DWI lesion and white matter hyperintensities (WMHs) volume (corrected for total intracranial volume) were calculated using Quantomo (Cybertrials Inc, Calgary, Canada).
14 WMH and previous infarcts (lacunar and cortical) were defined according to consensus standards.
15

Sleep Apnea Testing
Objective assessment of sleep apnea was performed with overnight home monitoring using noninvasive, continuous measurement of oximetry, nasal airflow, snoring, heart rate, and body position (Remmers Sleep Recorder Model 4.2, Saga Tech Electronic, Calgary, AB, Canada). 16 Automated scoring of the oximetry recording, based on the number of episodes of oxyhemoglobin desaturation >4% divided by the duration of the recording, provided an estimate of the number of apneas per hour (respiratory disturbance index). 17 Raw data were reviewed by a sleep medicine physician (P.J.H.), who confirmed that 
Diabetes mellitus (n, %) 16 (17) Previous MI (n, %) 11 (12) Smoker current (n, %) 13 (14) Atrial fibrillation (n, %) 8 (7) OSA ( Old lacunar infarct (n, %) 18 (20) Old cortical infarct (n, %) 6 (7) Microbleeds (n, %) 9 (10) CES-D indicates Center for Epidemiologic Studies Depression scale; DWI, diffusion-weighted imaging; EF, executive function; MI, myocardial infarction; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; OSA, obstructive sleep apnea; PS, psychomotor processing speed; RDI, respiratory dysfunction index; and TIA, transient ischemic attack.
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the automatically calculated respiratory disturbance index for sleep apnea severity was accurate and whether apnea was central (CheyneStokes respiration ) or OSA.
Statistical Analysis
We analyzed univariate associations between cognitive domains (EF, PS, and Memory) and baseline and 90-day characteristics.
In primary analyses, we analyzed cognitive domains as continuous, normally distributed variables, whereas in secondary analyses we dichotomized cognitive domains into ≥1 or <1 SD below 0. 
Results
Of 129 patients who provided consent, 37 did not complete the study because they voluntarily withdrew before baseline testing (n=27), did not complete 90-day testing (n=9), or were excluded because of nonstroke-related visual impairment (n=1). Mean age was 65.1±12.0, 74% were male. Median years of education were 14. Median baseline and 90-day mRS were 0. DWI was positive in 59 (64%), and 42 (46%) had stroke symptoms persisting for >24 hours. Therefore, 17 patients with TIA were DWI positive (34%). One patient had a recurrent event (TIA) at 90 days. Distribution of baseline characteristics is shown in Table 1 .
Neuropsychological Performance
Mean performance was normal on all neuropsychological tests and composite measures, with no significant differences relative to population norms. Mean z scores were −0.03 for memory, −0.12 for EF, and −0.05 for PS composite scores. Performance ≥1 SD below normal was seen in 20%, 17%, and 16% on the memory, PS, and EF composite measures, respectively. There was no difference in composite z scores in minor stroke versus patients with TIA.
Imaging
Acute DWI-positive lesions were mainly cortical (n=22, 37%) and 29 (49%) were in the left hemisphere. There were 6 (6%) patients who had magnetic resonance imaging evidence of previous cortical infarcts and 18 (20%) with magnetic resonance imaging evidence of chronic lacunar infarcts. All chronic infarcts were clinically asymptomatic except in 1 patient with a known previous thalamic infarct. Table  2 ). When dichotomized as abnormal (≥1 SD below adjusted population norm) versus normal, an abnormal PS was associated with higher 90-day mRS (P=0.01), higher 90-day NIHSS (P=0.009), having diabetes mellitus (P=0.006) and having had a previous cortical infarct (P=0.008; Table 3 ).
Variables Associated With Cognitive Impairment
There was a trend where lower memory domain score was associated with a 90-day mRS score of >1 (−0.92±0.86 versus 0.04±1.0, P=0.03; Table 2 ) and an abnormal memory domain score was associated with having a previous MI (P=0.007; 
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March 2016 Table 3 ). Advancing age, education, WMH volume, microbleeds, stroke location, previous lacunar infarct, stroke pathogenesis, presence of OSA (after excluding 4 patients with Cheyne-Stokes respiration), hypertension, atrial fibrillation, clinical diagnosis (TIA versus stroke), and smoking were not associated with 90-day cognitive performance. Multivariable analyses are shown in Table 4 . After adjustment, lower EF at 90 days was associated with previous cortical infarct (P=0.03; model 1); and 90-day depressive symptoms (P=0.03) and a 90-day disability (mRS>1; P=0.0003; model 2). Lower PS at 90 days was associated with previous cortical infarct (P=0.02) and acute bilateral positive DWI (P=0.02; model 1), and with 90-day depressive symptoms (P=0.03) and 90-day disability (P=0.003; model 2). There were no associations with episodic memory and the overall model fits were nonsignificant (P≥0.08).
The pattern of results for the logistic regression was similar to our linear regression analysis when performance was dichotomized by abnormal (≥1 SD below adjusted population norm) versus normal, but some relationships were no longer significant because of lower statistical power (Table I in 
Discussion
This study has shown that patients' performance when assessed by cumulative cognitive scores was within normal ranges at 90 days and there was no differences in performance based on the clinical type of event (ie, clinical TIA versus stroke). However, we still found several stroke and TIA-related variables, which were associated with worse cognitive performance in EF and psychomotor processing. Relative sparing of episodic memory is consistent with studies of more severely affected stroke patients. 18, 19 Patients with a previous cortical infarct, and those with current bilateral strokes seen on DWI, had lower EF and PS scores. Previous stroke, even subclinical, and bilateral acute strokes, likely cause an additive and deleterious effect, by disrupting cortical networks and white matter fiber tract integrity. Stroke location was not associated with worse cognitive performance in our cohort, but this may be because of small numbers in each of the individual locations. Chronic lacunar infarcts, even silent, has been associated with subtle cognitive deficits, 20 increased risk of future dementia, 21 and poststroke cognitive decline. 22 However, in our study we failed to find an association between previous lacunar stroke and worse cognitive performance, possibly because a small number (19%) of our patients had subclinical lacunar infarcts predating their event. Nor was WMH volume associated with worse cognitive performance in our group. Compared with other studies, our population was younger, not demented and a large proportion had TIAs, or minor cortical strokes, and had smaller mean WMHs volume.
In our study, higher mRS was associated with worse cognitive performance on PS and EF, and in patients with performance ≥1 SD below normal in these domains. Depression is also common after stroke, and can affect executive and psychomotor tasks. 23 In our sample, patients with mild depression had worse PS scores.
Certain vascular risk factors, in particular atrial fibrillation has been associated with worse cognitive performance after stroke, 3 and more rapid cognitive decline irrespective of clinical stroke. 24 In our study, we found no association between cognitive performance and atrial fibrillation, but the number of patients with atrial fibrillation was small. However, diabetes mellitus was associated with worse PS in univariate analyses. Type 2 diabetes mellitus has been associated with increased risk of cognitive impairment because of disruption of white matter fiber tract integrity and cortical atrophy. 25, 26 We failed to find an association between OSA and cognition in our cohort, even though it was prevalent.
The limitations of our study were the small sample size for analysis of study subgroups and testing of multiple variables. We cannot exclude that some patients had cognitive dysfunction predating their event, but our findings of associations between cognitive scores and postevent outcomes show that 90-day cognitive outcomes are not solely driven by prestroke cognitive ability.
Our study shows that minor ischemic stroke and TIA patients with bilateral acute infarcts and previous cortical infarcts, with persisting disability at 90 days, and with 90-day depressive symptoms are more likely to exhibit impairments in EF and PS on neuropsychological testing at 90 days. It is notable that these impairments could be detected in patients with minor or transient symptoms in whom complete recovery might have been expected. More research will be needed to determine whether these impairments are associated with decreased quality of life and future risk of cognitive decline.
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